TAFRO syndrome (thrombocytopenia, anasarca, fever, reticulin fibrosis, and organomegaly) is thought of as an atypical type of idiopathic multicentric Castleman's disease. Interleukin-6, vascular endothelial growth factor (VEGF), and other cytokines are considered etiological factors. A 45-year-old woman was admitted to hospital with unknown fever and abdominal pain. She had thrombocytopenia, anasarca, proteinuria/hematuria, and slight hepatosplenomegaly. Based on her clinical course and laboratory data, she was diagnosed as having TAFRO syndrome. Kidney biopsy showed a membranoproliferative glomerulonephritis (MPGN)-like lesion containing lobulations of glomeruli, endothelial cell swelling, double contours of the glomerular basement membrane, and mesangiolysis. She was treated with methylprednisolone pulse (500 mg/day) and oral prednisolone (60 mg/day) therapy. The pleural effusion and ascites disappeared, and renal function normalized. Cyclosporine was added to prevent relapse. She went home, with no relapse 8 months after hospitalization. MPGN-like lesions were found frequently in patients with TAFRO syndrome in recent reports. However, there are few reports of pathologically confirmed cases of progressive renal involvement in TAFRO syndrome. The relationship between VEGF expression in renal tissue and the pathogenesis of renal injury in TAFRO syndrome was investigated in the present case.
Introduction
TAFRO syndrome is a systemic inflammatory disorder characterized by thrombocytopenia, anasarca, fever, reticulin myelofibrosis, and organomegaly, first described in 2010 by Takai et al. [1] . Although progressive renal insufficiency is a common clinical feature of TAFRO syndrome, kidney biopsy is rarely performed because of thrombocytopenia. In the past case reports of TAFRO syndrome, a membranoproliferative glomerulonephritis (MPGN)-like lesion was detected histologically, with glomerular lobulations, capillary occlusions by endothelial cell swelling, double contours of the glomerular basement membrane (GBM), and mesangiolysis [2] [3] [4] . Thus, the injury of endothelial cells makes a lesion similar to that of thrombotic microangiopathy (TMA) in TAFRO syndrome, but its pathogenesis is still unknown.
TAFRO syndrome has common characteristics with multicentric Castleman's disease and is considered to be a clinicopathologic subtype of it. Serum vascular endothelial growth factor (VEGF) and interleukin (IL)-6 levels are frequently elevated in both diseases and considered likely pathogenic factors [2] . Karoui et al. reported that decreased expression of glomerular VEGF was observed in some patients with renal involvement in Castleman's disease [5] . Furthermore, renal TMA lesions in patients who were treated with bevacizumab were thought to result from direct targeting of VEGF by antiangiogenic therapy [6] . They showed that local reduction of VEGF within the kidney resulted in TMA in mouse models of podocyte-specific VEGF deletion. The level of renal VEGF expression might be related to the pathogenesis of TMA-like lesions, but renal pathology has not been sufficiently evaluated in patients with TAFRO syndrome. A pathologically confirmed case of a patient with progressive renal involvement in TAFRO syndrome is presented along with an examination of VEGF expression in renal tissue.
Case report
A 45-year-old Japanese woman was admitted to hospital with a 2-week history of abdominal pain, nausea, and fever. On admission, her height was 157.3 cm and weight was 70 kg. Vital signs were blood pressure of 125/77 mmHg, heart rate of 111 beats/min, and temperature of 37.8 °C. Physical examination showed pitting edema of both legs and palpable lymph nodes in her neck and armpits. The skin lesions and neurologic examination findings of POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, and skin changes) syndrome were not present. On laboratory tests, her serum creatinine (Cre) level was 0.64 mg/dL, almost the lower level of the normal range. They also showed hypoalbuminemia (1.8 mg/dL), and elevated alkaline phosphatase (ALP; 805 IU/L) and C-reactive protein (CRP; 11.3 mg/dL) concentrations. The complete blood count showed thrombocytopenia (108,000/µL), an increased white blood cell count (17,000/µL), and anemia (hemoglobin 10.5 g/dL). On urinalysis, protein was ±, and there was microscopic hematuria (10-19 RBCs/high power field), with red cell blood casts. Epstein-Barr virus and human immunodeficiency virus serologies, and human herpes virus 8 polymerase chain reaction were negative. Immunoglobulin and complement were normal, and there was no paraproteinemia. Antinuclear antibody was elevated (320 ×, homogeneous and speckled staining patterns), but other antibodies such as anti-double-stranded deoxyribonucleic acid (ds-DNA) antibodies, anti-SSA/SSB antibodies, anti-neutrophil cytoplasmic antibodies (ANCA), and anti-glomerular basement membrane (GBM) antibodies were negative, suggesting that collagen diseases or vasculitis was unlikely (Table 1) . Computed tomography (CT) showed hepatosplenomegaly and lymphadenopathy, but a pleural effusion or ascites, among the major criteria necessary for the diagnosis of TAFRO syndrome, was not apparent. Thus, it was difficult to make the diagnosis at this point.
She was followed with no medication. Thrombocytopenia had progressed to 39,000/µL at its minimum. Bone marrow examination showed a hypercellular marrow. No increase of megakaryocytes or myelofibrosis was observed. Surgical biopsy of an enlarged cervical lymph node was performed and showed lymphoid hyperplasia with involution and hyalinization of the germinal center, suggesting the hyaline vascular subtype of Castleman's disease.
The elevation of CRP and thrombocytopenia improved during the natural course after about 1 month of hospitalization and she was discharged. However, 1 month after discharge, the CRP level was again elevated (2.93 mg/dL), and renal insufficiency had progressed (serum Cre 0.93 mg/ dL). She was admitted again, and physical examination showed general pitting edema, and a CT scan showed a new pleural effusion and ascites, which were not found before. A diagnosis of TAFRO syndrome was then made based on her clinical and laboratory findings (day 85 after first admission). The plasma VEGF level was elevated at 999 pg/mL and serum interleukin-6 (IL-6) was 12.0 pg/mL. A kidney biopsy was performed because the platelet count was preserved (238,000/µL) on hospital day 7. Of the 11 glomeruli, 1 was globally sclerosed. The remaining glomeruli showed diffuse lobulations with double contours of the GBM and mesangiolysis. Glomerular capillary lumens were narrowed by endothelial cell swelling (Fig. 1a, b) . There was no crescent formation. Immunofluorescence studies for IgG, IgA, IgM, C1q, C3, C4, and fibrinogen were all negative. Electron microscopy showed glomerular endothelial swelling and widening of the subendothelial space (Fig. 1c) . Electron-dense deposits were not observed. From these findings, a diagnosis of MPGN-like lesions was made, suggesting endothelial injury like the lesions of TMA. Moreover, the glomerular Fig. 1 Histological findings. Light microscopy shows lobulations of glomeruli, mesangiolysis, double contours of the glomerular basement membrane, and swelling of endothelial cells (a periodic acidSchiff stain, and b periodic acid-silver methenamine stain). On electron microscopy (c), endothelial swelling, widening of the subendothelial space, and double contours of the glomerular basement membrane are confirmed VEGF expression level was evaluated by immunolabelling of VEGF with a monoclonal mouse VEGF antibody (VG1, Novus Biologicals, Centennial, CO, USA). An independent archived biopsy specimen (normal renal tissue of isolated kidney of renal cell carcinoma) was used as a positive control (Fig. 2a) . Second, specimens of the present patient were immunolabelled, as were archived biopsy samples of IgA nephritis and minimal change nephrotic syndrome as controls. The results showed staining of VEGF in podocytes in many samples, and VEGF labelling was not decreased in TAFRO syndrome compared to controls (Fig. 2b-d) . Three days after hospital admission, the patient received methylprednisolone pulse therapy (500 mg daily for 3 days), followed by 60 mg/day of prednisolone (1.0 mg/kg/day). The clinical course is shown in Fig. 3 . Steroid therapy immediately improved the systemic inflammation, pleural effusion, and ascites. On day 25, cyclosporine 100 mg/day was added to prevent relapse. Renal function returned to normal within 1 month. By 6 months after the first admission, the steroid had been tapered to 10 mg, with no recurrence.
Discussion
TAFRO syndrome has been reported mostly in Japan, though it has recently been reported in other countries as well. Masaki et al. proposed diagnostic criteria in 2016 [7] . According to these criteria, all of the three major criteria and at least two of the four minor criteria are necessary for the diagnosis of TAFRO syndrome. Furthermore, diseases such as POEMS syndrome, malignancies, viral infections, and so on must be ruled out. The present case met all the major criteria and three of the minor ones (organomegaly, progressive renal insufficiency, and lymph node histology), so a diagnosis of TAFRO syndrome was made. In particular, the present case was self-limited, which was a different clinical course from previous reports. Systemic inflammation and thrombocytopenia disappeared early in the natural course, and after a few months, inflammation relapsed with a pleural effusion and ascites. At first, the patient was suspected of having viral infections or malignant lymphoma, but viral screening and the results of lymph node biopsy did not support those diagnoses.
Furuto et al. also reported an atypical clinical course of TAFRO syndrome [8] . The patient had an anterior mediastinal tumor that showed lymphocytic proliferation without signs of malignancy, initially diagnosed as multicentric Castleman's disease. After resection of the tumor, generalized anasarca and renal insufficiency improved. However, 6 months after surgery, they recurred and thrombocytopenia developed, and so she was diagnosed with TAFRO syndrome. This slowly progressive clinical course is atypical for TAFRO syndrome. In the present case, thrombocytopenia improved spontaneously and did not worsen at the second admission. Platelet-associated immunoglobulin G is often elevated in TAFRO syndrome [8] , so it might have resulted from a change of the immune response to an etiological factor of TAFRO syndrome.
Renal insufficiency, one of the minor criteria, is often progressive and rarely requires hemodialysis [2, 3, [9] [10] [11] [12] . Iwaki et al. reported that renal involvement was seen in about 55% of cases of TAFRO syndrome [13] . Although the evidence for the treatment of TAFRO syndrome has not been established, steroid therapy was chosen in almost all cases. Cyclosporine, tocilizumab, anti-IL-6 antibodies, or rituximab are also used in such cases that are steroid resistant.
The level of serum IL-6 or plasma VEGF is frequently elevated in TAFRO syndrome, as well as in Castleman's disease [7] . Renal VEGF is considered to play an important role in maintaining glomerular endothelial cells. In human kidneys, VEGF mRNA and/or protein was detected predominantly in glomerular podocytes, distal tubules, and collecting ducts [14] . VEGF expression is stimulated by hypoxia and some growth factors and cytokines, such as IL-6 and others. VEGF increases the production of nitric oxide, upregulating the expression of endothelial nitric oxide synthase 3 [14] . In experimental rats, administration of VEGF 121 protects against renal infarction in TMA [15] .
It is considered that maintenance of endothelial nitric oxide production by VEGF may prevent endothelial cell apoptosis.
In past reports, similar MPGN-like lesions were observed in multicentric Castleman's disease. Karoui et al. examined podocyte VEGF expression levels in Castleman's disease with renal involvement using a monoclonal mouse VEGF antibody [5] . They reported that a reduction of the glomerular VEGF level was observed in patients with small-vessel lesions, which showed endothelial swelling, double contours of the GBM, and mesangiolysis. Furthermore, the loss of glomerular VEGF was negatively correlated with the plasma CRP level reflecting the activity of Castleman's disease, suggesting that downregulation of glomerular VEGF may be induced by lymphoproliferation through the action of undetermined circulating factors.
We hypothesized that podocyte VEGF expression in TAFRO syndrome might also be decreased. Renal VEGF expression in TAFRO syndrome has not been sufficiently evaluated so far. Two previous case reports had already investigated them. In the case reported by Noda-Narita et al. [16] , renal biopsy showed diffuse endocapillary proliferative glomerulonephritis, and immunohistochemical staining showed that podocytes were weakly positive for IL-6, but negative for VEGF. However, the patient met the criteria of not only TAFRO syndrome, but also of POEMS syndrome. Therefore, one must interpret the results of renal pathology carefully. On the other hand, in the case reported by Ozeki et al. [17] , although renal pathology showed TMAlike lesions, as in the present case, VEGF staining of the glomeruli did not show any reduction. They considered that other mechanisms might have caused renal injury. In the present case, there was no reduction of podocyte VEGF expression. Some reasons for this result can be assumed. First, the Fig. 3 Clinical course of the patient. Cr creatinine, CRP C-reactive protein, mPSL methylprednisolone, Plt platelets, PSL prednisolone specimens were taken 4 days after administration of steroid therapy. The patient showed a good response to steroid therapy, and recovery of VEGF production from podocytes may have occurred before renal biopsy.
Second, the CRP level improved to 1.59 mg/dL the day after kidney biopsy. As mentioned above, if the level of VEGF production from podocytes is related to the CRP level that could have affected VEGF labelling. The patient showed CRP elevation to at most 17.7 mg/dL, when the podocyte VEGF expression might have been decreased. Although what inhibits the production of VEGF by podocytes is unclear, IL-6 and other cytokines could be involved.
Finally, apart from the reduction of podocyte VEGF, other mechanisms might cause renal involvement in TAFRO syndrome. Kurose et al. [18] confirmed that mesangial cells were positive for IL-6 immunostaining in patients with idiopathic multicentric Castleman's disease with TAFRO syndrome. Since IL-6 contributes to mesangial cell proliferation in human kidneys [19] , the overproduction of IL-6 itself may be related to renal lesions in TAFRO syndrome. Further research of this issue is also needed. Consequently, it was not possible to obtain results supporting our hypothesis that the reduction of podocyte VEGF expression causes the renal TMA lesions in TAFRO syndrome. It is important to confirm podocyte VEGF expression in the active phase before treatment, including steroid therapy. However, the clinical course of TAFRO syndrome is often acute and progressive, and so an early diagnosis must be made and treatment started. Kidney biopsy is not essential in TAFRO syndrome and must be conducted carefully because of the associated thrombocytopenia. Furthermore, based on the present case, it appears that the clinical features of TAFRO syndrome such as thrombocytopenia, pleural effusion or ascites, and renal dysfunction may not necessarily develop at the same time. Several variant types of TAFRO syndrome may exist, and further study is still needed to identify them.
In conclusion, there are few reports of renal VEGF expression in TAFRO syndrome. In the present case, the patient had an atypical clinical course of TAFRO syndrome, and reduction of podocyte VEGF expression could not be confirmed. Further investigation including VEGF/IL-6 expressions in renal lesions and analyzing the pattern of the clinical course is required to elucidate the renal pathogenesis and etiology of TAFRO syndrome.
